Long-Wave Ultraviolet Light Induces Phospholipase Activation in Cultured Human Epidermal Keratinocytes  by Hanson, Debra & DeLeo, Vincent
Long-Wave Ultraviolet Light Induces Phospholipase 
Activation in Cultured Human Epidermal Keratinocytes 
Debra Hanson and Vincent DeLeo 
Department of Dermatology, Columbia University, New York, New York, U.S.A. 
Long wave ultraviolet radiation (UV A) has been shown to 
play an important role in the overall response of skin to solar 
radiation, including sunburn, tanning, premature aging, and 
non-melanoma skin cancer. UV A induction of inflammation 
in human skin is thought to be mediated by membrane lipid 
derived products. In order to investigate the mechanism of 
this response we examined the effect of UV A on phospho-
lipid metabolism of human epidermal keratinocytes in cul-
ture. Keratinocytes were grown in serum free low calcium 
medium. The cells were prelabeled with [3H] arachidonic 
acid or [3H) choline and irradiated with UV A (Honle 2002-
Hg vapor lamp). Identification and quantitation of specific 
membrane phospholipid-derived components was achieved 
using high-performance liquid chromatography, paper chro-
matography, and radioimmunoassay. 
E xposure to ultraviolet radiation leads to inflammation, melanogenesis, and photaging of skin, and is consist-ently associated with an increased incidence of non-mel-anoma skin cancers in humans [1- 3]. Increased interest in the involvement of longer wavebands of UV light 
(UVA, 320-400 nm) with these cutaneous effects has paralleled 
the use of PUV A chemotherapy for dermatologic disorders, the 
advent of UVA "tanning salons" for cosmetic purposes, and the 
realization that increased use of highly protective UVB sunscreens 
allows for cumulative exposure to greater quantities ofUVA radia-
tion. Radiation in the less energetic UV A range has been found to 
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Abbreviations: 
Cho: choline 
DAG: diacylglyccride 
GPC: glyccrophosphorylcholine 
HEK: human epidermal keratinocytes 
KGM: keratinocyte growth medium 
Lt: leukotriene 
PC: phosphorylcholine 
PL: phospholipase 
PUVA: psoralen + UVA 
UVA: long-wave ultraviolet radiation (320-400 nm) 
UV A resulted in a linear dose dependent release of (3Hj 
arachidonic acid into medium between 1 and 20 joule/cm2• 
This response was inhibited in an oxygen-reduced environ-
ment. The radiolabel released was predominately free arachi-
donate and cyclooxygenase metabolites. Cyclooxygenase 
metabolites prostaglandin E2 and prostacyclin derivative, 6-
keto-prostaglandin F1., were stimulated following UV A ir-
radiation, but the lipoxygenase metabolite, leukotriene B4 
was not detected. Maximal release was measured immedi-
ately after irradiation and changed little over 24 h post-irra-
diation. UV A stimulated an increase of (3H] choLine metabo-
lites glycerophosphorylcholine and phosphorylcholine in 
media extracts suggesting UV A activation of phospholipase 
C and phospholipase A2 or diacylglyceride lipase. J Invest 
Dermato/95:158-163, 1990 
contribute to the many photobiologic effects of sunlight on human 
skin, but the mechanisms and pathophysiology remain unclear. 
Inflammation in human skin, induced by various exogenous 
agents, is known to be accompanied by elevated levels of arachi-
donic acid and some of its cyclooxygenase metabolites through oxy-
genative enzyme changes in membrane phospholipid metabolism. 
Hawk and co-workers have demonstrated increased concentrations 
of AA and prostaglandins 0 2, E2, and 6-keto-PGF~a after UVA 
irradiation in human suction blister exudates [4]. Recent studies 
have shown elevation in cyclooxygenase activity and specifically of 
PGE2 production but not of lipoxygenase activity following UV A 
irradiation of human and mouse fibroblasts in culture [5] and stimu-
lation of PGE2 production following PUV A treatment of cultures 
from biopsies of guinea pig skin [6]. The authors of these reports 
have suggested that prostaglandins are involved as mediators in the 
early stages of the UVA-induced inflammatory response. The role 
of lipoxygenase products has not been adequately studied. 
Pentland et al have shown that decreases in arachidonic acid me-
tabolism and proliferation occur as keratinocytes become con.fluent 
and differentiate [7 ,8). The present study utilizing subconfluent cell 
cultures of nondifferentiated normal human keratinocytes was un-
dertaken to contribute to the understanding of the cellular events 
associated with UVA radiation in human skin. Our purpose was to 
study the effects ofUV A irradiation on phospholipase (PL) activity, 
characterize its oxygen requirement, identify AA metabolites pro-
duced by human epidermal cells in response to UV A irradiation, and 
determine which specific enzymatic pathways are responsible for 
their production. 
MATERIALS AND METHODS 
Cell Cultures Human epidermal cell cultures (HEK) were estab-
lished at Clonetics Corporation (San Diego, CA) according to pub-
lished procedures [9,10]. Proliferating cells were subcultured at a 
density of 2.5 X 10~/cm2 in a previously defined low calcium ke-
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ratinocyte growth medium (KGM) and were maintained at 37°C in 
humidified 5% C02 in air (11, 12]. Monolayers of nondifferentiat-
ing keratinocytes are utilized at approximately 80% confluency. 
Materials Cryopreserved stocks of keratinocytes and all tissue 
culture reagents and medium were purchased from Clonetics Cor-
poration. HBSS without phenol red and with or without Ca++ and 
Mg++ was obtained from Gibco Laboratories (Grand Island, NY). 
[5,6 ,8,9, 11, 12, 14, 1S-3H(N)]Arachidonic acid (94.5 Ci/mmol), 
[methyPH] choline (Cho) (77 Ci/mmol), chromium-51 (200-900 
Cijg), and a (3H) RIA kit for leukotriene B4 (LtB4) were obtained 
fro m Dupont New England Nuclear Research Products (Wilming-
ton, DE). RIA kits for PGE2 (H3) and 6-keto-PGF~o (3H) were 
purchased from Advanced Magnetics (Boston, MA) and Amersham 
Corporation (Arlington Heights, IL), respectively. The inhibitor 
RHC 80267 was a generous gift of Rorer Central Research (Hor-
sham, PA). The source for HPLC grade solvents and Whatmann 3 
chromatography paper was Fisher Scientific Inc. (Springfield, NJ). 
Light Source A 2000 W high pressure Hg vapor lamp contain-
ing iron and gallium iodide with a Schott WG 320 nm filter and a 
5-mm glass sheet incorporated into the housing was used (Blue 
Light 2002, Studio City, CA) . The spectral output was in the 330 to 
440 nm range with a peak at 365 n.m, and the fluence rate was 100 
W jm2 at an irradiation distance of 30 em. The intensity of UVA 
was determined using an International Light Radiometer with a 
UV A probe SEE 115 (half power points 308-400 nm). 
Release Assay Assay for release of membrane incorporated (3H] 
AA or (3H ]Cho immediately following ~xposure to v~rying dose_s of 
UV A and at specified times of mcubatwn was prevwusly detailed 
(5]. Briefly, cells were labeled _with I.uCi/m~ radiolabel for a ~4-h 
period, washed twice for 5 mm In HBS_S Wl~h?ut ca++, and !~ra­
diated in HBSS with Ca++. Followmg mad1atwn, an appropnate 
period of incubation, and removal of the media for measuring re-
lease of (3H], cells were solubilized in SDS, and an aliquot was 
quantitated for the purposes of determining tot~! (3H] incor_p?ra-
tion. Data points are the computed means from tnphcate repetltlons 
and are used to calculate% release from the total incorporated AA or 
Cho radiolabel. The in vitro cytotoxic effect of UV A was assessed 
by measurement of specific release of radioactive 51 Cr at various 
times post irradiation from keratinocytes in culture (13]. 
Oxygen Studies Keratinocytes cultured in Corning 25 cm2 
flasks were utilized for studying the oxygen requirements of the 
UVA-stimulated release of arachidonic acid. Assay buffer was pre-
reduced by heating to a quick boil and degassing with a purified 
mixture of 5% C02 and nitrogen while cooling. Further deoxygen-
ation of the gas mixture was achieved by passing it through a tube of 
heated copper turnings. The flasks of cultured keratinocytes, tightly 
fitted with #1 rubber stoppers, were purged with the same gas 
mixture via gas canulas for an additional15 min following addition 
of the pre-reduced buffer and prior to UV irradiation. Adjustment 
of irradiation times accordingly with transmission properties of the 
tissue culture flask used for this study was necessary. 
Identification of Metabolites Identification and quantitation 
of arachidonic acid metabolites was accomplished by HPLC and 
RIA as previously reported (5]. Briefly, appropriately treated assay 
media was acidified to a pH of 3.0 with 0.4 M citric acid and ex-
tracted for subsequent HPLC analysis in 4 volumes of ethyl acetate 
and methanol (15: 2). A reversed phase ODS column and a mobile 
phase consisting of acetonitri le and acetate acidified water, pH 3.6, 
was utilized. Unlabeled assay medium was lyophilized to dryness 
and reconcentrated in a phosphate buffer for quantitation of specific 
metabolites by RIA techniques. Unlabeled assay media extracts 
w ere chromatographed by HPLC and fractions were analyzed by 
RIA as a second method for identification of 6-keto-PGF~o. 
A previously developed paper chromatographic technique was 
used to separate and identify the Cho labeled phosphorylcholine 
(PC), glycerophosphorylcholine (GPC), COP Cho, and free Cho 
released from keratinocytes following UVA irradiation (14]. In 
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short, the medium was precipitated in 10% TCA, extracted with 
ether, and the lyophilized water soluble fraction was spotted on 
Whatmann 3MM paper. The chromatographs were developed in 
1 M ammonium acetate, pH 5.0, and 95% ethanol [30: 70] for 16 h; 
sample lanes were cut into 1 em pieces; and associated radioactivity 
was determined by liquid scintillation counting. 
RESULTS 
Non-differentiating HEK in culture incorporated on the average 
66.4% of (3H]AA and 12.1% of [3H]Cho into membrane phospho-
lipids during the 24-h labelling period. AA is readily released from 
these cells upon irradiation with UV A at doses corresponding to less 
than the amount of radiation necessary to induce erythema in 
human skin (minimal erythemal doses) within 1 h, whereas greater 
doses of UV A or a longer incubation period post-irradiation is re-
quired to observe the same detectable effects on Cho release. 
Increased release of AA and its metabolites into the assay medium 
at 1 h post-irradiation was dose dependent in a linear fashion within 
the range of1 to 20 J/cm2 UVA (Fig 1). At 1 h after UVA exposure, 
a dose of 10 J/cm2 generally stimulated a 110.6% increase in release 
of (3HJAA radiolabel as compared to sham irradiated control cells. 
This response requires the presence of oxygen. When cells were 
assayed in pre-reduced buffer and in an atmosphere of N 2 and 5% 
C02, there was a 56.3% mean inhibition (n = 2) in the 15 J/cm- 2 
UV A-stimulated release of AA and its metabolites. 
To determine the time course of release of label induced by UV A, 
prelabeled cells :-v~re exposed to 1, 5, or 10 J/~m- 2 of ra~iatio_n, _and 
aliquots of medmm were assayed at selected times post-lrrad1at10n. 
An incubation time of"zero" is that time immediately post-irradia-
tion. The data from a typical experiment is presented in Fig 2 as 
percent increase of radio label released from UV A irradiated cells in 
contrast to sham irradiated cells. Although variability in the expo-
sure period with delivery of increasing doses of UV A may obscure 
the detection of very early events, stimulation of release of AA label 
into the medium at levels above control was immediate and contin-
ued for up to 24 h following irradiation. A dose response at all time 
points up to ~4 h was demonstrated: ~he bip~asi_c pattern for release 
of AA with tllne, although not statistically s1gnificant, may further 
support the idea of a dual mechanism for UV A-induced AA release. 
At the time of maximal stimulation of AA release, immediately 
4 ~%~R=e~le~a=s~e_3~H~A_A ___________________________ ~ 
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Figure 1. Dose response of UV A-induced release of AA. HEK cells in 
culture, pre labeled :with ('HJAA and rinsed free of unincorporated radiola-
bel, were irradiated or sham irradiated with varying doses ofUVA, incubated . 
for 1 h, and assayed for release oflabel. The data are expressed as % release 
from total membrane mcorporatton. The fitted linear regression line for 
UVA irradiated cells was statistically significant at the p = 0.0172 level as 
determined by analysis of variance, indicating a strong dose-response rela-
tionship. A statistical comparison of sham irradiated vs irradiated cells while 
controlling for the dose of UVA by analysis of covariance was also highly 
significant at the p = 0.0026 level. 
160 HANSON AND D eLEO 
Increase 
Pre 0 I 2 4 6 6 24 
Post Irradiation Time (hr) 
Dose UVA 
- 1 J/sqcm -+- 5 Jlsqcm -- 10 J/sqcm 
Figure 2. Time course for release of AA. HEK cells treated as in Fig 1 were 
exposed to 1, 5, or 10 J/cm2 ofUVA. The exposure periods berween "pre" 
and "zero" were, respectively, 1.9, 9.5, and 19 min. At varying times of 
incubation, aliquots of media were removed and assayed for release of radio-
label. The time points are graphically depicted as percent increase in release 
of label as compared to sham (control) release. 
following 15 J/cm- 2 UVA exposure, there is virtually no rel~ase of 
crs r into the medium. By 24 h, release of almost 40% of the mcor-
porated radiolabel occurred in these nondifferentiated ~EK (Table 
I). The phospholipid alteratiOns measured m these studtes generally 
preceded the detectable toxic and potentially lethal effects of larger 
doses of UVA but were nevertheless a consistent accompaniment. 
The keratin.ocyte HPLC profile in Fig 3 exemplifies the signifi-
cant increase in AA, cyclooxygenase, and lipoxygenase metabolites 
produced in response to UV A-induced PL a~tivation. Th~ ob~erv~d 
increase in % of total PG, but not hydroxye1cosatetraenotc acrds, rn 
irradiated cells suggested a UV A stimulation of cyclooxygenase but 
not lipoxygenase activity . This was further supported by RIA of 
specific metabolites in the medmm. Table II. shows mc;ease~ ~re­
duction of PGE2 and 6-keto-PGFh followmg UV A rrradratwn, 
whereas LtB4 is virtually immeasurable in this cell culture system. 
Variability in quantities of metabolite measured . may in part be 
explained by differences in cell number and denstty. HPLC frac-
tions from nonlabeled assay medmm were also analyzed by RIA as a 
second method for identification of the prostacyclin derivative (Fig 
4). 6-keto-PGFr. in the sample as determined by RIA eluted in the 
same fractions as the standard for 6-keto-PGFra m a separate HPLC 
run. Other prostaglandins and hydroxyeicosatetr~enoic acids re-
portedly generated by keratinocytes were not defimttvely measured 
in these studies. 
Table I. 
Incubation Time (h) 
0 
1 
3 
5 
7 
24 
UV A-induced Chromium Release• 
o/o Release 5 1 Cr 
0.53 
3.30 
14.18 
21.03 
33.13 
36.67 
• HEK cells in cultu re were labeled for 2 h with 8 ).ICi (51 Cr]f ml , w~shed free of 
unincorporated Cr, and irradiated or sham irrad iated with 15 J /cm-2 UVA. At various 
times post irradiation an aliquot of assay buffer was measured for release of radtolabcl. 
Representing one su~h cxperi~ent, t~c data arc presented as percent [5 ~ Cr] rel e~sed 
from the mean total mcorporanon wlule controlltng for release of label 111 sham Irra-
diated cel ls [(51 Cr UVA- 51 Cr Sham/ 51 Cr Total- 51 C r Sham) X 100] (1 3]. 
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Figure 3. HPLC elution profile of AA and its metabolites: media from cells 
irradiated or sham irradiated with 10J/cm2 UVA and incubated for 1 h were 
extracted in acidified ethyl acetate and chromatographed on an ODS reverse 
phase column with a mobile phase consisting of acetonitrile and water. 
Arrows indicate elution time of known standards 6-keto-PGF", PGE2, and AA. 
To indirectly determine the mechanism of phospholipid hydrol-
ysis and release of AA, we measured specific f3H]Cho labeled metab-
olites in the medium, namely, GPC, PC, CDP Cho, and Cho. 
Complete hydrolysis of the phospl;10lipid by PLA and lysophospho. 
lipase A would yield free AA, a saturated fatty acid and GPC. Alter-
nately, the phospholipid could be converted to diacylglyceride 
(DAG) and PC by PLC followed by a complete hydrolysis of the 
diglyceride to AA, a fatty acid and glycerol by diglyceride lipase; or 
DAG could be rephosphorylated to phosphatidic acid, which in 
turn could be hydrolyzed by PLA2 to release AA by PLA2 as fore-
mentioned. 
Radiolabeled Cho metabolites were linearly released into the me. 
dium after 1 h and exposure to> 10 Jcm-2 of UVA and at 4 h 
incubation following > 5 Jcm- 2 UVA irradiation (Fig 5). A dose of 
10 Jcm- 2 generally stimulated a 5.7% and 59.0% increase in release 
of(3H]Cho radiolabel over sham irradiated control cells at 1 and 4 h 
incubation periods, respectively. Paper chromatographic quantita-
tion of the specific radioJabeled Cl10-containing compounds at 4 h 
Table II. Radioimmunoassay of PGE2 , 6-keto-PGF12 and LtB4• 
Picograms/1 06 cells 
Metabolite UVA (J/cm2) Sham Irradiated 
6kPGF1,. 1 h 1 155.5 17.8 
2.5 141.7 211. 1 
5 177.8 233.3 
6kPGF,,. 6 h 2.5 67.5 98.5 
5 74.9 167.5 
6kPGF", 24 h 2.5 128.1 630.5 
5 150.7 433.5 
PGE2, 1 h 2.5 236.5 551.7 
PGE2, 6 h 2.5 231.5 389.2 
5 438.4 665.0 
LtB4 , 1 h 5 0.7 0 
LtB4 , 6 h 5 14.1 22.1 
LtB4 , 24 h 5 0 13.7 
• Quantitatiotl of specific AA metabolites by RIA techniques following exposure to 
varying doses of UVA irradiation and at various times of incubation is calculated "' 
picograms/million HEK cells. The data represent the mean of two experiments. 
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Figure 4. Evidence of prostacyclin in human keratinocytes: the medium 
from HEK cells irradiated with 5 J/cm2 an~ incubated for 1 h was extracted 
and chromatographed as in Fig 3. Amounts of prostacyclin hydrolysate 
6-keto-PGFh was determined in 1-min HPLC fractions collected berween 4 
and 11 min by radioimmunoassay techniques. The greatest quantities of this 
metabolite were measured in fractions which coeluted precisely with the 
known standard for 6kPGFh in a separate HPLC run (solid li11e). 
follow.ing .exposure to varying doses of UVA is graphically illus-
trated m F1g 6. The results revealed that both PC, in slightly higher 
amounts, and GPC were found in the medium after a 4-h incuba-
tion. Interestingly, both of the proposed enzymatic pathways that 
lead to the mobilization of PC and GPC appear to be stimulated 
upon exposure to UVA irradiation. Increased levels of PC and GPC 
in the medium indirectly suggests activation of both PLC and PLA 
enzyme systems. 
The potent and specific canine platelet diglyceride lipase inhibi-
tor, RHC 80267 (1,6-di(O-(carbamoyl)cyclohexanone oxime)hex-
ane) (15], did effectively inhibit the release of (3H]AA from OVA-
irradiated keratinocytes in culture (Table III). Treatment with this 
agent inhibited an average 35.5% of the increased release after expo-
sure to 10 J/cm- 2 UVA (data not shown). This result further sup-
ports the mechanism ofDAG lipase activity following activation of 
the PLC pathway for the UVA-induced release of AA. 
% Release 3H Choline 
.. . .. lhr Sham -+- lhr U VA ·* · 4hr Sham -8- 4hr U VA 
20 
UVA (J/sqcm) 
+ 
0 
Figu~e 5. Dose response of UV A-induced [3H] choline release from HEK 
cells m culture at 1 and 4 h of incubation: the fitted linear regression lines 
~ere. st~tistically significant at 1 h (p = 0.0093) and 4 h (p = 0.0017) post-
trra~tatton, as measured by analysis of variance. Differences berween sham 
and tr.radiated cells •. controlling for dose ofUV A as determined by analysis of 
covanance, were stgmficant after 4 h of incubation (p = 0.0103). Differ-
ences at 1 h were not significant. 
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Figure 6. Water-soluble [3H] Cho containing compounds released from 
HEK followmg exposure to varymg doses of UVA irradiation and 4 h of 
incubation. The data points. represent the mean value of rwo repetitions 
performed on separate fractions from one experimental cell preparation. 
Increases in release of both PC and GPC were found at UVA doses greater 
than 5 J / cm2• 
DISCUSSION 
Exposure of human skin to long wave ultraviolet irradiation affects 
the synthesis and metabolism of biologically active agents which 
may in part be responsible for ensuing photochemically associated 
physiologic events. Hyperproliferative responses, UV A-induced 
inflammation, and tumor promotion in intact skin have all been 
shown to be mediated by membrane-derived second messenger sys-
tems involving alterations of membrane phospholipids [ 16,17). Lib-
eration of arachidonic acid from cell membrane phospholipid by 
activation of phospholipases and subsequent generation of biologi-
cally active arachidonate metabolites proceeds via cyclooxygenase, 
lipoxygenase, and cytochrome P450 metabolic pathways (18) . 
These agents are capable of producing edema, erythema, and leuko-
cyte chemotaxis in human and animal skin as well as alterations of 
epidermal keratinocyte growth. Ir: addition, these mediators may 
regu late epidermal melanocytes and Langerhans cells activity (19) . 
Further, a direct fatty acid effect has been described (20]. Liberation 
of arachidonic acid by receptor-regulated lipases or by other pro-
cesses may yield second messenger molecules for the regulation of 
ion channels. 
Utilization of cell culture systems as described in this communi-
cation, combined with chromatographic identification of specific 
(3H]AA and (3H)Cho metabolites released by UV A exposure, may 
serve as a valuable tool for investigating the role of, and mechanisms 
for, eicosanoid biosynthesis in the UVA-induced inflammatory re-
sponse of intact skin. Radiolabeled eicosanoid precursor fatty acid 
arachidonic acid was effectively incorporated into human keratino-
cytes in culture. We document that exposure of these cells to UV A 
radiation induces membrane release of radiolabeled AA and its me-
tabolites in a linear dose dependent fashion and in a dose range that 
is generally suberythemal in intact skin. AA release begins immedi-
Table III. Effect of DAG Lipase Inhibitor on UVA-Induced 
AA Release• 
Inhibitor l).G# 80267 (ttM) 
1 
5 
10 
15 
% Inhibition 
1.32 
-0.0 
35.47 
50.73 
• Cultured HEK prelabeled with I' H]AA were irradiated with I S Jjc111-2 UVA in the 
presence of varymg concentrations of a spec1fic DAG lipase inhibi tor and incubated for 
1 h. The data arc expressed as percent inhibition of the UVA-stimulatcd AA release. 
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ately following UV A exposure and continues for up to 24 h after 
irradiation. The rapidity of this response and its oxygen require-
ment suggests that in addition to its well-documented nuclear ef-
fect, UV A also has a direct effect on membranes of cells in human 
skin. 
Our studies document the production of prostaglandins as the 
predominant AA metabolites in pure cultures of HEK. With an 
increase in available AA substrate there is an accompanying increase 
in cyclooxygenase and lipoxygenase metabolites produced by this 
cell type. Furthermore, we document a stimulated production of 
cyclooxygenase metabolites and specifically PGE2 and prostacyclin 
derivative, 6-keto-PGF~o, by UVA irradiated keratinocytes in cul-
ture as measured by percent of total metabolism. The lipoxygenase 
metabolite, LtB4 , was not detected. Investigators who have mea-
sured metabolites in primary cultures suggest the possibility that 
cells other than keratinocytes contributed to the metabolic profile. 
While one author has shown that in vitro keratinocytes synthesize 
PGE2 , PGD2 , PGF2. , and small amounts of 6-keto-PGF~o (7], an-
other suggests in a preliminary report that 6-keto-PGF~a is a marker 
for keratinocyte-fibroblast-interactions [21 ]. 
It has often been assumed that the initial photochemical reaction 
triggering generation of AA metabolites in part occurs in the epi-
dermis (22]. The data we present support this assumption. 
Two major metabolic pathways have been demonstrated to cause 
AA release, which subsequently resulted in the formation of various 
eicosanoids [23]. The first is a direct deacylation of cell phospho-
lipids by the action of phospholipase A. The second is a degradation 
of phospholipids by a specific phospholipase C followed by DAG 
lipase activity. Utilization of the system of cells prelabeled with 
[JH]Cho, combined with chromatographic identification of specific 
water soluble Cho compounds released by UVA activation, can 
serve as an indirect method of identifying PL activation in intact 
cells. Induced release of phosphorylcholine implies a mechanism 
involving PLC activation. Increased release of glycerophosphoryl-
choline implicates PLA (either 1 or 2) combined with lysophospho-
lipase. . . . . 
Our studies document that UVA Irradiation of human kerat111o-
cytes in culture induces release of [3H ]Cho in a dose dependent 
manner and that this radiolabel was in the form of both PC and 
GPC. There is also an increased production of diacylglyceride in 
keratinocytes following UV A irradiation.* The production ofDAG 
provides additional opportunities for ~he regulation .of protein ki-
nase C. Activation of the PLC-DAG lipase pathway IS further sup-
ported by the inhibition of the UV A induced release of AA by a 
specific DAG lipase blocker. T~e data presented he~e suggest ~hat 
UV A stimulates both phospholipase C and phospholipase A activa-
tion as well as membrane phospholipid degradation. In contrast, 
similar experiments employing UVB wavebands of radiation to 
human keratinocytes resulted in increases of the H 20-soluble GPC, 
implying a mechanism for AA release of PLA.only (24] . . 
These studies utilizing both AA and Cho radwlabel may 1m ply an 
overall response to UV A that ~s ~ediated by . li~ases affecti.ng the 
same phospholipid pools conta111111g both mmetles, when, 111 f~c~, 
the Cho and AA release in response to UV A exposure could ongi-
nate from different molecules by unrelated mechanisms. 
Our studies suggest that at least a compo~ent o.f the UV A-i~­
duced inflammatory response in human sk~n IS mediated ?Y arach~­
donic acid metabolites. These AA metabolites as well as lipase acti-
vation may act through second messenger systems to alter control of 
cell growth. Such alteration.may lead to. proliferation.and promo-
tion of skin tumor production. There Is, 111 fact, evidence from 
epidemiologic and animal studies to supp~rt. the concept tha~ uy, 
particularly UV A, acts as a promoter for actuuc tumor productiOn 111 
human skin (25-26] . 
Although our findings define effects of UV A on cell membrane 
metabolism in vitro, the importance of this information in under-
• Bodian A, DeLeo VA (manuscript in preparation). 
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standing the effect of such radiation in intact human skin warrants 
further study. These data support a concept of UVA induction of 
profound changes in epidermal phospholipid metabolism which 
play a role in the effect of solar radiation on human skin. 
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